How should a court determine the proper royalty base when calculating either reasonable-royalty damages for patent infringement or fair, reasonable, and nondiscriminatory (FRAND) royalties for infringement of, or licensing disputes over, standard-essential
the logic and limits of its concern over cognitive bias. It therefore fails to justify its preference for the smallest salable patent-practicing component and risks undercompensating patent holders. Finally, I show that risk-averse firms should prefer structuring damages awards in a manner that reduces errors. This analysis of risk bearing indicates that, if a royalty with a low rate and high base is more accurate than one with a high rate and low base, courts should use the EMVR when awarding damages. The Federal Circuit's jurisprudence on patent damages currently ignores this concern.
JEL: D21; D23; K11; K12; O31; O34 I. INTRODUCTION How should a court determine the proper royalty when calculating either reasonable-royalty damages for patent infringement or fair, reasonable, and nondiscriminatory (FRAND) royalties for infringement of, or licensing disputes over, standard-essential patents (SEPs)? This determination is particularly challenging in the context of disputes involving a multi-component device such as a smartphone, where the interaction of the patented technology with other components of the downstream product generates complementarity of demand and network effects that increase the downstream product's value. Royalty compensation for patent infringement must reward the patent holder not only for the individual value of its patented technology, but also for a share of the value arising from complementarity and network effects. Only patent damages that meet this requirement are likely to maintain optimal incentives for investment in innovation.
In Part II of this article, I explain the economic justifications that support the use of the retail price of the downstream product as a royalty base when calculating damages for the infringement of patents implemented in a multi-component device. It is established patent jurisprudence that a reasonable royalty should reflect the terms of a hypothetical license resulting from a voluntary negotiation between a willing licensor and a willing licensee at the moment just before first infringement. In real-world patent licensing negotiations, firms often calculate royalties with reference to the retail price of the downstream product. Therefore, using that downstream retail price as the royalty base is the most authentic assumption about the royalty base that a court could use for a hypothetical negotiation between a willing licensor and a willing licensee. This norm may exist because, as an economic matter, a patented technology implemented in a multicomponent device may create value through powerful network effects and complementarity of demand with other patented technology.
However, in Part III, I show that as a result of a recent series of confusing and contradictory opinions, the Federal Circuit in all but exceptional cases now decidedly favors using, for purposes of the hypothetical negotiation, a royalty base equivalent to the price of the infringing product's "smallest salable patent-practicing component" instead of the "entire market value" of the 990
Journal of Competition Law & Economics product. In cases where the downstream product is the "smallest salable patent-practicing component" and unpatented features constitute a substantial proportion of the product, the Federal Circuit favors subtracting the value of these unpatented elements from the royalty base. This development in the law of the entire market value rule (EMVR) has perverse consequences that the Federal Circuit has yet to recognize. Using the price of the smallest salable patent-practicing component as the royalty base risks undercompensating the patent holder, because it ignores (1) the effects that the patented technology has on the value of the downstream product and (2) the value that synergies between complementary technologies create. The Federal Circuit's approach creates a conflict between the royalty base that is normally used by the patent holder and the licensee in actual licensing agreements and the hypothetical negotiation used for damage calculations. If parties in the real world do not use the price of the smallest salable patent-practicing component as their royalty base when negotiating a license, then the Federal Circuit contradicts reality when it uses that price as its royalty base in the hypothetical negotiation.
Because it contradicts the real world, the Federal Circuit's practice transforms the hypothetical negotiation from something that might have occurred into something that never would have occurred.
The Federal Circuit's strong preference for using the price of the smallest salable patent-practicing component as the hypothetical royalty base is illogical as a matter of legal reasoning and unmindful of the pertinent economic analysis of the consequences of such a rule. So why does the Federal Circuit so fervently embrace this reasoning? It is not a satisfactory explanation that using the value of the downstream product as the hypothetical royalty base would mean that the royalty would exceed the value of the patented invention, for a court can address that concern simply by reducing the size of the royalty rate. Instead, the Federal Circuit expresses concern that the jury will behave in a way that manifests what economists call "cognitive bias" and award excessive reasonable-royalty damages when presented with a damages estimate predicated on a small royalty rate multiplied by a large royalty base. At the same time, the Federal Circuit has not analyzed the severity of juries' alleged cognitive bias, and it fails to explain the logic and limits of its concern. As a result, a patent holder can have no confidence that the Federal Circuit's jurisprudence on the EMVR will produce royalty awards large enough to satisfy the Supreme Court's principle that damages for patent infringement "should be consistent with Congress' overriding purpose of affording patent owners complete compensation." 1 In Part IV, I explain that both the Federal Circuit and the existing literature in law and economics neglect the implications of the patent holder's risk aversion in selecting the royalty base in patent litigation. A court's choice between (1) a low royalty rate with a large royalty base and (2) a high royalty rate with a small royalty base entails differing levels of risk and uncertainty for the patent holder. A mean-preserving spread of the probability distribution of royalty outcomes reduces utility to a risk-averse patent holder by imposing greater risk bearing. The Federal Circuit's preference for the use of the smallest salable patentpracticing component as the royalty base induces a mean-preserving spread and thus imposes a cost-in the form of enhanced risk bearing-on any risk-averse patent holder that the court fails to recognize. This neglected cost of risk bearing is an additional economic consideration that favors the use of a larger royalty base-such as the retail price of the downstream product incorporating the patent-practicing component. If the Federal Circuit recognized this cost of risk bearing, it would more easily understand why the choice of a larger royalty base in a hypothetical voluntary license negotiation would more closely approximate real-world voluntary license negotiations.
II. THE PROPER ROYALTY BASE FOR THE HYPOTHETICAL NEGOTIATION
When calculating patent damages to approximate a reasonable royalty, courts aim to reproduce the outcome of a hypothetical negotiation between the patent holder and the infringer. Given that framework, what is the proper royalty base for calculating damages for patents implemented in multi-component products?
A. The Methodology of the Hypothetical Negotiation
A patent authorizes an inventor to exclude others from using its invention for a limited time. Patent law is based on the premise that a company must have an incentive to invest in risky research and development (R&D). A patent rewards a company with the right to control the use of its invention until the patent's expiration. This right enables the inventor to monetize the invention and to invest further in risky R&D, which promotes technological progress and innovation.
contribution to the standard that the SEP holder has the incentive to continue participating in standard setting. 4 A court's calculation of reasonable-royalty damages typically entails estimating the royalty upon which the willing patent holder and the willing infringer would have agreed in a hypothetical negotiation at the moment just before first infringement. 5 The analysis yields an amount as close as possible to the royalty that the parties would have actually negotiated. 6 In the hypothetical negotiation, the parties' negotiating positions would determine a range within which they would agree upon a mutually acceptable royalty. The lower bound of the bargaining range is the minimum royalty that the patent holder would accept (while still being better off than if it had not issued a license). This value depends on the opportunity cost of licensing the patent to the would-be licensee at the time of the hypothetical negotiation. 7 The upper bound of the bargaining range is the maximum royalty that the licensee would be willing to pay (while still being better off than if it had not purchased the license). The licensee would be willing to pay a royalty up to the increase in profits resulting from the cost savings, the increased sales, and the increased price associated with using the licensed patent as opposed to using the next-best noninfringing substitute. 8 Because a successful voluntary transaction necessarily makes both parties better off, 9 a negotiated royalty must lie between these upper and lower bounds. As a result, courts will generally determine the upper and the lower bound of the licensing range, and then determine a point estimate of the royalty to derive the exact damage amount.
B. Does the Royalty Base Capture Complementarity Effects and Network Effects?
Real-world licensing agreements typically use the retail value of the downstream product as a royalty base when determining the royalty for a patent covering technology implemented in a multi-component product. base enables the licensing parties to capture the complementarity effects and network effects resulting from the interactions of the patented technology with other patented and non-patented components of the downstream product. Therefore, the use of the retail value of the downstream product as a royalty base enables the patent holder to obtain an adequate compensation for the contribution that its technology made to the value of the downstream product.
Complementarity Effects and Network Effects
Michael Katz and Carl Shapiro have defined technological "systems" as "collections of two or more components together with an interface that allows the components to work together." 10 Such components "are strongly complementary, although they need not be consumed in fixed proportions."
11 The combinatorial interaction among patented technologies creates value that transcends a simple component or sum of components, especially in the context of SEPs. For example, the smartphone user's experience is a function of numerous complementary components, including, among other features, the processing power of the smartphone, its design, its screen, the availability of a stable and fast network connection, and the mobile applications developed for the specific operating system.
The complementarity effect among individual technologies increases the value of other features of the downstream product. Each implemented patented component has value by itself, but the interaction among the multiple patented technologies adds additional value to the entire downstream product. For example, upgrading the baseband chip in a mobile phone from 3G to LTE will enhance the user's ability to use data-intensive apps. The complementarity effects of a patented technology may enhance existing network effects-the benefit to society that accrues as the size of the network grows.
12 A smartphone user might share pictures with other users and, in turn, receive messages or pictures from the recipients. In this way, the complementarity effects from bringing components together to create additional uses might enhance the network effects already present among users of smartphones.
The market price of an individual patented component (such as a camera lens contained within a mobile device) may not account for the value of the complementarity effects and the network effects that the component generates. By using the market price of an individual patented component as a reference, the manufacturer of that component does not internalize the benefits that its technology creates when used in conjunction with the other components of the downstream product. The failure to award damages that included the value of complementarity effects and network effects would frustrate "Congress' overriding purpose of affording patent owners complete compensation" for infringement. 13 In the long run, this failure of complete compensation would reduce the supply of the patented components for downstream products, all other factors remaining constant.
Measuring the Value of Complementarity Effects and Network Effects
Two different approaches might quantify the value-added from complementarity among components within a downstream product. One approach would be to estimate the value that the patented component contributes to all other components with which it interacts. However, this computational exercise would be cumbersome, prone to disputes, and unlikely to inspire confidence in the accuracy of its results. For example, scholars have examined the Shapley value approach (which resembles this first approach) as a benchmark for determining a FRAND royalty. The Shapley value approach divides rents (or costs) among participants of any cooperative group according to their average marginal (or average incremental) contribution to alternative combinations (or alternative sequences of production) of the cooperative group's members. 14 However, that method still fails to capture satisfactorily the complexities of the real world. As I have previously explained, it cannot reliably measure FRAND royalties.
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A second approach is to use the entire market value of the downstream product as the royalty base. Using the retail price of the downstream product as the royalty base enables the patent holder to capture the complementarity and network effects generated by its technology. When complementarity effects are strong, the full social value of a patent implemented in a complex product is captured in the end user's demand for the downstream product. In the case of a patented technology implemented in a smartphone, the demand for the handset approximates the value generated by the sum of all individual patented technologies when used in combination with one another. That combined value is greater than the sum of the parts, and it is at least as great as the amount that consumers willingly pay for the downstream product. Consequently, the retail price of the downstream product is an appropriate royalty base.
C. What Royalty Base Do Licensors and Licensees Voluntarily Choose in Actual License Negotiations?
On economic grounds, the use of the value of the downstream product as a royalty base is generally warranted when strong complementarity effects exist between the component featuring the patented technology and the downstream product's other components. This consideration is particularly relevant for SEPs, for which the complementarity effects and network effects arising from the interaction of the technologies implemented in the standard typically are significant. The real-world licensing agreements between patent holders and licensees comport with these insights of economic theory. Voluntary licenses negotiated for patented technologies implemented in multi-component products typically use the entire market value of the downstream product as the royalty base. 16 For example, Nokia, a former smartphone manufacturer, stated in 2013 that "royalty rates for [standard essential] patents are typically based on, and applied against, the price of the end product. That norm most plausibly has evolved and persisted not by happenstance, but because it embodies more efficient aspects of contracting than any other alternative that informed parties have considered. This view regards an industry norm as an evolutionary institution, one that reflects and summarizes information that has been revealed over time regarding the optimal ordering of relationships among economic actors. The legitimacy of an industry norm arises from objective knowledge indicating that the norm is superior to all other currently known means of ordering that specific kind of economic relationship or transaction. Suppose that two persons view an organizational chart showing all of the jobs and lines of reporting in a factory. The first person sees a consciously devised network of authority. The second person sees the same chart as the summation of a vast quantity of knowledge. To the second observer, the hierarchy within the factory reveals and summarizes the knowledge gleaned from years of experience, in which alternative and less productive hierarchies have been tried and rejected or, if not rejected, have caused the companies that have continued to adhere to them to wither. Thus, to the second person, the legitimacy of the management chart as a means of organizing production does not lie in the fact that the chief executive officer or the board of directors has the authority to draw and redraw the chart however it likes, but rather in the objective inferiority of all predecessors to this particular ordering of management responsibilities. If a superior ordering of production subsequently becomes known, even this present management chart will cease to have legitimacy for the second observer.
Like the first person in the example above, the Federal Circuit may be unaware of the possibility that an industry norm exists for using a given royalty base to price the license for a patented component of a downstream product precisely because the experience of private parties engaged in voluntary 21 Armen A. Alchian, Uncertainty, Evolution, and Economic Theory, 58 J. POL. ECON. 211 (1950) . 22 Ronald H. Coase, The Nature of the Firm, 4 ECONOMICA 386 (n.s.) (1937) . 23 negotiations has shown that all of the known alternatives are, from the perspective of maximizing the returns to production, demonstrably inferior. The Federal Circuit's power to interpret the Patent Act does not ensure that its decisions will produce a transactional structure for calculating a reasonable royalty that is more efficient than the industry norm that patent holders and licensees actually use in successful voluntary negotiations. The agent of the firm responsible for monetizing its intellectual property will not necessarily understand why the use of one particular royalty base is preferred to another. The agent follows the industry norm, knowing what he is doing, but not necessarily able to articulate why he is doing it.
26 Industry norms will emerge as firms experiment with various different strategies. The strategies that survive are those that best suit the business environment, 27 tacitly incorporating a myriad of variables too extensive and complex ever to be fully captured by any one individual, or even by the most sophisticated computer general equilibrium model that man may devise. Judges and arbitrators neglect such tacit knowledge at the expense of economic efficiency. Whatever model an economic expert may propose will necessarily abstract from reality on some set of variables.
28 Tacit knowledge as revealed by industry norms should receive a degree of deference comparable to the precedents of the common law, which has emerged in a similar process and which similarly incorporates the tacit knowledge of human experience.
29 Though an economic model may occasionally demonstrate a more efficient policy than that which existing norms suggest, an empirical success can just as likely arise from a lucky guess regarding which variables are most influential in a given case. Norms that survive are those that aggregate information from among all of the relevant parties influenced by a policy and will be more robust over a variety of unique settings than the very best that an economic expert can model. The Federal Circuit's decisions limiting the application of the EMVR appear to rest on the belief that doing otherwise would cause juries to award the patent holder damages that far exceed the value of the patented component, and some of the decisions explicitly express this concern. Unfortunately, the Federal Circuit has not clearly articulated, much less substantiated, its concerns about the cognitive bias of jurors in patent litigation. In fact, behavioral economics does not necessarily support the Federal Circuit's apparent concern that cognitive bias is likely to result in damages that overcompensate the patent holder. In the absence of evidence that such bias exists, the Federal Circuit lacks a persuasive justification for disfavoring the application of the EMVR when calculating damages awards for the infringement of a patented technology implemented in a multi-component product.
A. The Elevated Standard for Applying the Entire Market Value Rule
When it is not the industry norm to set a reasonable royalty as a fixed fee per unit sold or used, the determination of the proper royalty base becomes an essential step in calculating a reasonable running royalty for patent infringement. The determination of the correct royalty base is particularly important in pricing patents practiced in multi-component products, for which the assessment of the value that each patented and non-patented component contributes to the end product can be extremely difficult.
The Federal Circuit has applied the EMVR on several occasions when calculating damages for technologies implemented in multi-component products. In the 1997 case Fonar Corp. v. General Electric Co., the court found the rule appropriate for determining the royalty base, on the rationale that the 31 Gen. Motors Corp. v. Devex Corp., 461 U.S. 648, 655 (1983) (emphasis added).
patented technology "help[ed] to enhance efficiency and patient throughput" and thus drove demand for the downstream medical device. 32 In 1999, the Federal Circuit applied the EMVR in Tekmax, Inc. v. Exide Corp., ruling that the patent holder's feeder technology increased throughput of the wrapperstacker machines produced by the alleged infringer, and thus the patent in suit for the component directly increased demand for the downstream product. 33 On both occasions, the Federal Circuit ruled that the value of the downstream product constituted the appropriate royalty base.
Nonetheless, as I explain below, the Federal Circuit has subsequently elevated the evidentiary burden for applying the EMVR to where it is exceedingly difficult for a patent holder to use the value of the downstream product as a royalty base for the calculation of patent damages for a component of that downstream product. The Federal Circuit instead favors using the value of the smallest salable patent-practicing component as the royalty base and makes use of the entire market value of the downstream product in exceptional cases only. Even in cases where the downstream product is the smallest salable patent-practicing component, the Federal Circuit has stated that, if the product contains substantial unpatented features, one should subtract the value of these features from the royalty base. However, the Federal Circuit has failed to provide guidance for when apportionment of value to a patented feature should stop. In Cornell University v. Hewlett-Packard Co., the patent in suit concerned a method by which instructions were issued within a computer processor that was included in Hewlett-Packard servers and workstations. 34 Cornell's expert initially calculated damages by using Hewlett-Packard's revenues from its sales of servers and workstations as the royalty base-that is, the value of the downstream products. 35 At a Daubert hearing, Judge Rader excluded the expert's damages testimony. Judge Rader found that the downstream products whose revenues were used as the royalty base included "vast amounts" 36 of technologies that did not infringe the patent in suit and that Cornell had failed to offer "credible and sufficient economic proof that the patented invention drove demand for Hewlett-Packard's entire server and workstation market." 37 Judge Rader reasoned that Cornell's expert "did not offer a single demand curve or attempt in any way to link consumer demand for servers and workstations to the claimed invention."
38 Expressing concern that the jury would be deceived by the evidence that Cornell's expert presented, but without detailing precisely why, Judge Rader found that the expert had "tried to present evidence that would mislead the jury to award damages far in excess of their compensatory purpose."
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Judge Rader allowed Cornell to use a revised royalty base "that [took] into account . . . the fact that the claimed invention is not the entire system but only a component of a component of that system." 40 However, Cornell's revised royalty base of $23 billion was composed of central processing unit (CPU) bricks, which again contained components in addition to the infringing processor. The jury initially awarded Cornell royalty damages of $184 million by applying a 0.8-percent royalty rate to that $23 billion royalty base.
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Hewlett-Packard then moved for a judgment as a matter of law (JMOL), remittitur, or a new trial on damages to reduce the royalty base, arguing that the damages should be calculated on the basis of Hewlett-Packard's revenues attributable only to the infringed patent. 42 In general, both JMOL and remittitur address what a "reasonable" jury would find. JMOL is appropriate when a reasonable jury would not have sufficient evidentiary basis to find in favor of the opposing party, 43 and remittitur is appropriate, in general, when a damages award is "intrinsically excessive" and a reasonable jury would have awarded lower damages. 44 In the JMOL hearing, Judge Rader ruled that Cornell's expert again had failed to provide sufficient economic evidence to support use of the downstream product as the royalty base. 45 Judge Rader therefore excluded the expert's testimony. 46 He set a high evidentiary burden for use of the EMVR. He held that the CPU bricks-the selected royalty base-contained numerous non-patented components in addition to the infringing processors, 47 and that Cornell's revised royalty base was still "beyond the scope of the claimed 37 Id. at 284. 38 invention." 48 Judge Rader emphasized that the EMVR "permits damages on technology beyond the scope of the claimed invention, but only upon proof that damages on the unpatented components or technology is necessary to fully compensate for infringement of the patented invention." 49 He found that it is not enough to show that the infringing and non-infringing components are sold together. 50 Rather, citing precedent, Judge Rader emphasized that, to justify use of the EMVR, the patent holder must prove that:
(1) the infringing components must be the basis for customer demand for the entire machine, including the parts beyond the claimed invention; 51 (2) the individual infringing and noninfringing components must be sold together so that they constitute a functional unit, or are parts of a complete machine or single assembly of parts; 52 and (3) the individual infringing and non-infringing components must be analogous to a single functioning unit. 53 Judge Rader found that Cornell did not satisfy these three prerequisites.
54 He was again dissatisfied with the type of evidence provided by Cornell's expert, who in Judge Rader's assessment did not provide any more evidence for Cornell's consumer demand argument than the expert had provided during the Daubert hearing. 55 For example, the expert could have provided evidence in the form of customer surveys. 56 Consequently, Cornell did "not provide any real world support for [its] royalty base claim" to use the EMVR. 57 Judge Rader further found that using a royalty base "including revenues from the sale of non-infringing components is not permissible simply because the royalty rate is adjustable." 58 However, he did not explain why using a large royalty base with a downward adjustment of the royalty rate would be inappropriate.
Judge Rader then introduced the concept of the smallest salable patentpracticing component as a royalty base. 59 He found that not only was there no evidence that the patented feature drove the demand for CPU bricks, but there was also no evidence of a market for these products, such that the use of the value of the smallest salable patent-practicing component as the royalty base was a more logical alternative: 48 Id. at 285. 49 
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Without any real world transactions, or even any discernable market for CPU bricks, less intrepid counsel would have wisely abandoned a royalty base claim encompassing a product with significant non-infringing components. The logical and readily available alternative was the smallest salable infringing unit with close relation to the claimed inventionnamely the processor itself.
60
Judge Rader then turned to the issue of the royalty rate and Cornell's challenge to the remittitur amount under the "maximum recovery rule," in terms of which the remittitur amount must be "based on the highest amount of damages that the jury could properly have awarded based on the relevant evidence." 61 Judge Rader rejected Cornell's argument on the rationale that the purpose of the maximum recovery rule is to minimize judicial interference. He concluded that, "where . . . the jury has articulated what it identified as the appropriate royalty rate [,] . . . this court has no reason to disturb that rate simply because it found error in the separately articulated royalty base determination."
62 Judge Rader therefore did not adjust the royalty rate upward to compensate for the smaller royalty base. He granted Hewlett-Packard's motion for JMOL, or remittitur in the alternative, and awarded Cornell damages of $53.5 million. 63 The court computed this reduced damages award by multiplying the jury's undisputed 0.8-percent royalty rate by a royalty base of $6.7 billion rather than $23 billion.
The following year, Judge Rader reiterated in IP Innovation, L.L.C v. Red Hat, Inc. his concern about using a large royalty base.
65 IP Innovation had used as the royalty base 100 percent of Red Hat's and Novell's total revenues from their sales of subscriptions to the infringing Linux-based operating systems. 66 Sitting by designation on the U.S. District Court for the Eastern District of Texas, Judge Rader excluded the damages testimony of IP Innovation's damages expert, on the grounds that it was based on irrelevant or unreliable evidence as it improperly used the EMVR when the patented invention at 60 Id. at 287-88. 61 Id. at 292-93 (citing Unisplay, S.A. v. American Elec. Sign Co., Inc., 69 F.3d 512, 519 (Fed.
Cir. 1995)). 62 Id. at 293. 63 Id. 64 Id. at 292. The $6.7 billion royalty base was equal to an $8 billion estimate of processor revenue minus approximately $1.4 billion in Intel-made processor revenues, which Hewlett-Packard lawfully earned from an implicit license it had with Intel. Id. The difference between the $8 billion and $6.7 billion figures was not germane to the question of whether Cornell should be able to use a larger royalty base (of $23 billion) that encompassed the value of the downstream product. 65 705 F. Supp. 2d 687 (E.D. Tex. 2010). 66 Id. at 689.
issue was "one relatively small component of the accused operating systems" and it inflated the royalty rate. 67 IP Innovation's expert attempted to provide evidence that the patented feature was the basis for customer demand for the infringing operating systems. He cited comments on an online user forum for a third-party product describing the patented feature as essential. 68 Rejecting this evidence, Judge Rader said that "selected users' statements in isolation and without a relationship to the actual claimed technology do not show an accurate economic measurement of total market demand for the [ patented] feature, let alone its contribution to the demand for the entire product asserted as the royalty base." 69 To the contrary, Judge Rader found that IP Innovation had not accounted for evidence that many consumers of the infringing operating systems did not use the patented feature: "Most of Red Hat's and Novell's accused sales come from their Server products, the majority of which . . . do not take advantage of the [ patented] workspace switching feature." 70 In addition, "some accused operating systems are sold to the public with a default setting that does not enable the [ patented] function."
71 Judge Rader also found that "most users of the accused operating systems [did] not seem to use the workspace switching feature at all."
72 Judge Rader held that the expert's "stunning methodological oversight" rendered his damages testimony unreliable and inadmissible. 73 Judge Rader cited another reason for excluding IP Innovation's expert's testimony regarding the appropriate royalty rate-that it was "arbitrarily" chosen and far exceeded the existing royalty rates for licenses to the patents at issue. 74 Judge Rader's opinion in IP Innovation is noteworthy in three respects. First, like Cornell, it gave some guidance as to the nature of proof required before the patent holder may use the value of the downstream product as the royalty base: it is evidence of an economic connection between the patented feature and the downstream product, such as the relative demand for a patented component, based on economic measurement of consumer demand and substitution. Second, unlike Cornell, Judge Rader's opinion in IP Innovation did not cite jury bias or deception as a factor for excluding the patent holder's expert testimony using the value of the downstream product as 67 Id. Journal of Competition Law & Economics the royalty base. Third, Judge Rader again did not explain why a reduction in the royalty rate could not offset the danger that an inflated royalty base posed to producing an exaggerated estimate of damages.
Federal Circuit Decisions on the EMVR
Federal Circuit decisions after Cornell have largely followed Judge Rader's cue in erecting a higher evidentiary barrier to a patent holder's use of the value of the downstream product as the royalty base for a patented technology in multicomponent product. These decisions favor instead the use of the value of the smallest salable patent-practicing component as the royalty base. The latest in this series of Federal Circuit decisions finds where the smallest salable patentpracticing component is the downstream product and it contains substantial unpatented features, a patent holder must apportion damages even further by identifying a narrower patent-practicing feature as the royalty base.
a. Lucent Technologies v. Gateway
In Lucent Technologies, Inc. v. Gateway, Inc., 75 the Federal Circuit in 2009 did not use the value of the downstream product to set the royalty base, as it found there was insufficient evidence for doing so, although it recognized that the value of the downstream product might constitute the appropriate royalty base in some instances. On appeal from the U.S. District Court for the Southern District of California, the defendant, Microsoft, challenged the jury's finding of infringement and its $357.7 million lump-sum royalty award. 76 The patent in suit involved a method of entering information into fields on a computer screen without using a keyboard. 77 Microsoft challenged the royalty award on the rationale that the jury erroneously based the award on the entire market value of the infringing downstream software products-Microsoft Money, Microsoft Outlook, and Windows Mobile. 78 The Federal Circuit agreed, holding that substantial evidence did not support the royalty award, as Lucent had not proven that the patented feature was the "basis-or even a substantial basis-for the consumer demand" for the infringing products. 79 The Federal Circuit focused on a single software product, Microsoft Outlook, because infringement of this downstream product constituted the majority of the award. 80 The Federal Circuit said that "the glaring imbalance between infringing and non-infringing features must impact the analysis of 75 how much profit can properly be attributed to the use of the date-picker compared to non-patented elements and other features of Outlook" 81 and that "the only reasonable conclusion supported by the evidence is that the infringing use of the date-picker tool in Outlook is but a very small component of a much larger software program." 82 The Federal Circuit consequently found that Lucent did not meet the necessary evidentiary burden to justify using the entire market value of Outlook as the royalty base, as Lucent did not show that anyone purchased Outlook because of the patented technology. 83 The Federal Circuit remanded the case for a new trial on damages. 84 Despite rejecting Lucent's damages calculation, the Federal Circuit appeared to show a flexible approach to the use of the EMVR. The Federal Circuit said that "the base used in a running royalty calculation can always be the value of the entire commercial embodiment, as long as the magnitude of the rate is within an acceptable range (as determined by the evidence)."
85 It added that, "even when the patented invention is a small component of a much larger commercial product, awarding a reasonable royalty based on either sale price or number of units sold can be economically justified." 86 The Federal Circuit explicitly rejected the suggestion of Mark Lemley and another commentator that the EMVR should play little role in the calculation of a reasonable royalty. 87 It held that "such general propositions ignore the realities of patent licensing and the flexibility needed in transferring intellectual property rights." 88 The Federal Circuit emphasized that "sophisticated parties routinely enter into license agreements that base the value of the patented inventions as a percentage of the commercial products' sales price." 89 It consequently held that " [t] here is nothing inherently wrong with using the market value of the entire product, especially when there is no established market value for the infringing component or feature, so long as the multiplier accounts for the proportion of the base represented by the infringing component or feature." 90 In sum, although it did not explicitly recognize the danger of jury deception or bias, the Federal Circuit in Lucent found that a patent holder did not make 81 Id. at 1333. 82 Id. at 1337. 83 The Federal Circuit illustrated the preceding point when in 2011 it again resisted, in Uniloc USA, Inc. v. Microsoft, the use of the EMVR in the absence of sufficient economic evidence of the determinants of demand for the downstream product. 91 The Federal Circuit again limited a patent holder's ability to use the entire market value of the infringing downstream product to compute a reasonable-royalty award, even with a corresponding reduction in the royalty rate. 92 The Federal Circuit reiterated Judge Rader's concern about jury bias.
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Microsoft allegedly infringed Uniloc's patent on a software-registration system designed to deter software copying. 94 Microsoft's product-activation feature-attached to its Word XP, Word 2003, and Windows XP softwarewas a software-registration system also designed to deter software copying. 95 Microsoft's product-activation feature centered on two algorithms, which Uniloc alleged were identical to its patented registration system. 96 Microsoft and Uniloc both agreed that the product-activation feature "did not create the basis for customer demand or substantially create the value of the component parts." 97 According to Uniloc, the royalty base was not calculated by using the entire market value of Microsoft Office or Windows. 98 Uniloc's damages expert took the value of the patented feature-between $10 and $10,000, depending on usage-as a starting point for a reasonable royalty in a hypothetical negotiation. The damages expert (who had been IP Innovation's expert in IP Innovation) also testified to the jury that his calculated royalty accounted for only 2. for the infringing products. 99 He testified that "2.9% was a reasonable royalty based on his experience that royalty rates for software are 'generally above-on average, above 10% or 10, 11%.' " 100 Microsoft argued that Uniloc improperly applied the infringing product's entire market value, which biased the jury's determination of damages upward. 101 The U.S. District Court for the District of Rhode Island agreed and granted Microsoft a new trial on damages.
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On appeal, Uniloc emphasized that "the entire market value of the product can be used if the royalty rate is low enough." 103 Uniloc's justification rested on the Federal Circuit's statement in Lucent.
104 The Federal Circuit rejected that argument, ruling that Uniloc had taken Lucent's rationale out of context. The Federal Circuit said that in Lucent it disallowed use of the EMVR because there was a "lack of evidence demonstrating the patented method . . . as the basis-or even a substantial basis-of the consumer demand for Outlook."
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Citing as controlling the Supreme Court's 1884 decision in Garretson v. Clark, the Federal Circuit said that Lucent does "not allow consideration of the entire market value of accused products for minor patent improvements simply by asserting a low enough royalty rate."
106 Because the parties had agreed that Uniloc's patented feature was not the basis for consumer demand for Microsoft Office or Windows, the Federal Circuit rejected Uniloc's reduction of the royalty rate to justify its reference to Microsoft's total revenues on the infringing products.
Uniloc justified its reliance on the EMVR by arguing that its expert's reference at trial to Microsoft's $19 billion revenue figure was used only as a "check" and that the court had instructed the jury not to use the entire market value of Microsoft's infringing product in calculating reasonable-royalty damages. 107 The Federal Circuit rejected this argument, 108 saying that "[t]he disclosure that a company has made $19 billion dollars in revenue from an infringing product cannot help but to skew the damages horizon for the jury. Journal 110 In particular, the Federal Circuit quoted at length the cross-examination at trial of Microsoft's damages expert, during which Uniloc's counsel asked: "And at the end of the day, the infringer, Microsoft . . . they get to keep 99.9999% of the box and the inventor, whose patent they infringed, he gets the privilege of keeping .00003%?"
111 Such cross-examination, without showing that the patent at issue affected the entire market value of the accused products, 112 was in "clear derogation" of the Federal Circuit's EMVR precedents.
113 After rejecting Uniloc's arguments for admitting evidence on the entire market value of Microsoft's accused products, the Federal Circuit affirmed the district court's grant of Microsoft's motion for a new trial on damages.
114
In sum, in Uniloc, the Federal Circuit still did not entirely abandon the use of EMVR and the possibility of a compensating, downward adjustment of the royalty rate to match a high royalty base. However, the Federal Circuit again emphasized that the EMVR is appropriate only when the patent holder has made the court's demanding evidentiary showing concerning demand for the downstream product. In Uniloc, the Federal Circuit expressed most strongly its concern about jury bias, although it did so still without explaining the nature of the supposed bias or how it would manifest itself. Put differently, the Federal Circuit did not identify any limiting principle to its concern over jury bias when the patent holder seeks to use the value of the downstream product as the royalty base for reasonable-royalty damages for infringement of a patented component. In 2012, the Federal Circuit adopted an even more restrictive standard for using the EMVR when it decided LaserDynamics Inc. v. Quanta Computer, Inc.
115 Quanta Computer, Inc. (QCI), a laptop computer manufacturer, and its partially owned subsidiary Quanta Storage, Inc. (QSI), a manufacturer of optical disc drives (ODDs), allegedly infringed LaserDynamics' patented method of optical disc discrimination. This method enables an ODD to automatically identify the type of optical disc-for example, a compact disc (CD) or a digital video disc (DVD)-that one has inserted into the disc drive. disc before inserting the disc into the ODD so that the computer can read the data on the disc. At the time of the parties' hypothetical license negotiation, a laptop computer was not commercially viable without including this patented feature.
117
LaserDynamics' damages expert based his report on the price of the downstream product. He used a 2-percent running royalty rate over the total sales of QCI's laptop computers-$2.53 billion-and presented to the jury a $52.1 million damages figure, which was nearly the same amount that the jury later awarded. 118 In the Federal Circuit's opinion, LaserDynamics' use of this method was, by definition, an application of the EMVR.
119
The Federal Circuit echoed the concerns expressed in Lucent and Uniloc that the patent holder's improper use of the EMVR would likely skew the jury's perception of adequate damages. 120 The Federal Circuit observed that, for electronic devices consisting of many different components, assessing "how much value each patented and non-patented component individually contributes to the overall end product . . . can be an exceedingly difficult and error-prone task."
121 Further, it held that when a patented technology is a small component of a complex product, calculating a royalty payment on the value of the entire product risks improperly compensating the patent holder for noninfringing components.
122 Embracing Judge Rader's decision in Cornell, the Federal Circuit ruled that royalties for patented technologies that are small components of complex products should generally be based on the "smallest salable patent-practicing unit," rather than on the entire value of the downstream product. 123 The court held that the EMVR "is a narrow exception to this general rule" and that this exception should be applied only when "it can be shown that the patented feature drives the demand for an entire multicomponent product." 124 The Federal Circuit held that the improper use of the EMVR "only serves to make a patentee's proffered damages amount appear modest by comparison," and, consequently, "artificially inflate[s] the jury's damages calculation."
125
The Federal Circuit rejected LaserDynamics' use of the EMVR, ruling that LaserDynamics did not present evidence that its patented disc-discrimination method drove or caused demand for laptop computers. 126 The court imposed an extremely high evidentiary burden and held that, to use the value of the 117 Id. at 60. 118 
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show that the patented component was "viewed as valuable, important, or even essential" to using the downstream product. 127 Nor did it suffice to show that a downstream product lacking the patented feature "would be commercially unviable."
128 According to the Federal Circuit, the fact that consumers would not purchase the downstream product without the patented features "is not tantamount to proof that any one of those features alone drives" demand for the downstream product. 129 The Federal Circuit ruled that only evidence that the specific patented functionality motivated consumers to buy the downstream product would justify the patent holder's use of the EMVR.
130
The Federal Circuit also rejected LaserDynamics' argument that "practical and economic necessity compelled" using the downstream product as the royalty base.
131 LaserDynamics argued that QCI did not track the actual "prices, revenues, or profits associated with individual components," such that there was no sufficient evidence of the components' real value. 132 Further, LaserDynamics' expert maintained that parties to a license agreement would often base "royalties on entire products to address such accounting difficulties." 133 The Federal Circuit clearly understood that "LaserDynamics concludes that the parties would have had to use the value of the entire laptop computer as the royalty base in structuring a hypothetical license agreement, as it reflects the only true market value of anything that QCI sells." 134 The Federal Circuit rejected this argument with the non sequitur that "a per-unit running royalty is not the only form of a reasonable royalty that the parties might have agreed to in a hypothetical negotiation."
135 "An alternate form" of royalty, the court said, "is evidenced by the many license agreements to the [ patent in suit] in the record for lump sum royalties that are not calculated as a percentage of any component or product, which immediately belies the argument that using a laptop computer as the royalty base is 'necessary.' " 136 The Federal Circuit then reasoned that the patent holder's use of the EMVR would simply shift the difficulty of apportioning the value of the patent in suit from an apportionment of the royalty base to an apportionment of the royalty rate: "if difficulty in precisely identifying the value of the ODDs is what justifies using complete laptop computers as the royalty base, when it comes time to then apportion a royalty rate that accounts for the ODD contribution only, the 127 exceedingly difficult and error-prone task of discerning the ODD's value relative to all other components in the laptop remains." 137 In sum, LaserDynamics imposed an even stricter evidentiary showing than Uniloc for patent holders seeking to use the EMVR. The court found that it no longer sufficed that the patented feature creates the basis for customer demand or substantially creates the value of the component parts. To justify use of the EMVR, the patented feature must solely drive the demand for the downstream product. For cases involving multi-component products, the general rule after LaserDynamics is that the value of the smallest salable patent-practicing component determines the royalty base unless the patent holder can prove that the patent feature solely drives demand for the multi-component downstream product. Like Judge Rader's approach in IP Innovation, the Federal Circuit's approach in LaserDynamics implies that, to justify using the EMVR, a patent holder seeking to meet its evidentiary burden must perform an economic evaluation of consumer demand by conducting market studies or consumer surveys 138 to show that the patented technology alone drove demand for the downstream product. To the Federal Circuit, the fact that real-world licensing agreements in the industry use the value of the downstream product as a royalty base does not justify using the EMVR to inform a hypothetical license negotiation. Unmindful of economic reasoning, this conclusion in LaserDynamics sends the hypothetical negotiation tumbling down a rabbit hole, where patent holders and licensees contradict their observed behavior in the real world. In a nonprecedential decision issued in April 2014, the Federal Circuit contradicted itself on the use of the EMVR. It found in University of Pittsburgh v. Varian Medical Systems that the patent holder's expert met the evidentiary burden to justify using the EMVR, even though the patented feature did not solely drive demand for the downstream product. 139 The Federal Circuit found that evidence of complementarity effects between the patented and nonpatented features sufficed to justify the patent holder's use of the EMVRalthough, notably, the alleged infringer had conceded this point. 140 The University of Pittsburgh (Pitt) sued Varian Medical Systems, alleging that the Varian Real-Time Position Management Respiratory Gating System (known as the RPM system)-a system that monitors and tracks a patient's respiratory movements during treatment-infringed Pitt's patent. 141 Pitt's invention aimed to reduce damage to healthy tissue by synchronizing a radiation 137 
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Journal of Competition Law & Economics treatment beam with a patient's movements. The RPM system was used with Varian's Clinac radiotherapy-a linear medical accelerator for radiotherapy treatments-and with Varian's Trilogy radiotherapy machines. The jury awarded damages for patent infringement based on a 10.5-percent running royalty on the sales of the RPM System and a 1.5-percent running royalty on the sales of the Clinac and Trilogy devices sold in combination with, or incorporating, the RPM System.
142
Varian appealed the part of the award based on Varian's sales of Clinac and Trilogy devices. 143 Varian argued that Pitt failed to "apportion its damages according to damages jurisprudence."
144 First, Varian contended that Pitt's damages calculation, which was based on the sale of Clinac and Trilogy devices, ignored the precedents limiting use of the EMVR. 145 Varian argued that the royalty base must exclude the entire value of accelerators, which were components of the downstream products that did not practice Pitt's patent. Second, Varian argued that, even if the EMVR did apply, the damages calculation ignored jurisprudence limiting damages to "the value of the claimed improvement and . . . excluded the value of any conventional or prior art elements recited in the claim language." 146 In other words, Varian argued that Pitt could seek a royalty only on stand-alone RPM sales.
147
Contrary to the line of cases leading to LaserDynamics, the Federal Circuit rejected Varian's arguments. It said that Lucent requires the separation or apportionment of the damages attributable to the patented features. 148 In the present case, the patent claim used open-ended language that explicitly included references to non-patented elements. 149 The Federal Circuit found that those non-patented elements were not merely accessories used in conjunction with the RPM system. Instead, the combined use of the patented and nonpatented features created added value: "there was a value a would be purchaser would find in the combination system . . . that would not be found when the components were sold separately and not designed to be immediately interoperable." 150 The Federal Circuit thus recognized the presence (and economic significance) of complementarity effects between the patented features and the nonpatented features. Furthermore, "Varian itself . . . acknowledged the value added by the function of the combined apparatus." 151 The Federal Circuit consequently found that, by using the value of the entire apparatus as 142 Id. at 939. 143 the royalty base, Pitt did not attempt to include in the royalty base the value of nonpatented features; consequently, the district court was correct to use the sales of the downstream products as a royalty base. 152 Finally, the Federal Circuit said that Pitt was not entitled to all the profits that Varian generated from its devices, but only to a limited percentage-1.5 percent-which in the jury's view reflected the value that the patented technology added to Varian's devices.
153
University of Pittsburgh shows that, although the Federal Circuit has raised the patent holder's evidentiary prerequisites for using the value of the downstream product as the royalty base, a patent holder still can use the EMVR in exceptional cases. In particular, when evidence shows that combinational value between components exists, the price of the entire downstream product, rather than the price of the component, may determine the appropriate royalty base, as long as one limits the royalty rate to a percentage that properly reflects the component's contribution to the value of the downstream product. Why is University of Pittsburgh nonprecedential? Because the Federal Circuit cannot reconcile it with LaserDynamics? Regardless of the fact that one may not cite University of Pittsburgh as precedent, the opinion is significant because it illustrates the extent to which, even after five years of doctrinal reexamination since 2009, the Federal Circuit's opinions left the law in a state of confusion, subjecting the federal district courts and their litigants to continued uncertainty over how to determine the proper royalty base for calculating damages for the infringement of patented technologies implemented in multicomponent products.
e. VirnetX, Inc. v. Cisco Systems, Inc. In VirnetX, Inc. v. Cisco Systems, Inc., the Federal Circuit in September 2014 affirmed its commitment to applying the EMVR in exceptional cases only and reiterated its concern that a large royalty base for the calculation of patent damages could bias a jury's findings.
154 Unlike in LaserDynamics, the Federal Circuit did not find that a patent holder seeking to rely on the EMVR must show that the patented feature alone drove demand for the downstream product. However, the Federal Circuit did reiterate its established principle that the patented features must " 
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VirnetX had failed to prove that requisite link between the patented features and the final products in which they were incorporated.
155
VirnetX alleged that the FaceTime feature of Apple's iPad, iPod, and iPhone products (referred to in the decision as "iOS devices") and Mac computers, as well as Apple's virtual private network (VPN) feature of its iOS devices, called VPN on Demand, had infringed four VirnetX patents that claimed technology for providing security over networks. Specifically, VirnetX alleged that (1) Apple's FaceTime feature, which enables secure video calling between Apple products, had infringed two of VirnetX's patents that facilitated establishing "secure communication links," thereby enabling data to be transmitted securely across a network, and (2) Apple's VPN on Demand feature on its iOS devices had infringed two patents that facilitated a system initiating a virtual private network (VPN) between a proxy site and a secure site.
In 2012, a jury in the Eastern District of Texas reached the verdict that all of VirnetX's claims were valid and infringed and that VirnetX should be awarded damages in the amount of $368,160,000. Apple then moved for a JMOL or, alternatively, a new trial or remittitur. Chief Judge Leonard Davis denied Apple's motions in 2013, 156 and Apple appealed to the Federal Circuit. The Federal Circuit vacated the jury's damages award and remanded the case to the district court for further proceedings.
157
The Federal Circuit considered the three approaches to the damages award upon which VirnetX's damages expert had relied and which the district court had admitted into evidence despite a Daubert challenge by Apple. In his first approach, VirnetX's damages expert analyzed allegedly comparable licenses to which VirnetX was a party. In these licenses, the parties had agreed to a 1-to 2-percent royalty rate applied to a downstream product. Using the licenses as support, VirnetX's expert applied a 1-percent royalty rate to a royalty base consisting of the accused iOS devices (the downstream product) to yield a total damages award of $708 million. The damages consisted of $566 million for products including FaceTime and VPN on Demand and $142 million for products including only VPN on Demand. 158 The second and third approaches focused on FaceTime alone and relied on the Nash bargaining solution to support the conclusion that " 'the parties [ infringement. 160 VirnetX's expert had estimated the profits associated with FaceTime based on the price of a "front-facing" camera included in certain of Apple's products. 161 Under his third approach, the expert relied on a customer survey to find that 18 percent of all iOS device sales would not have occurred without the inclusion of FaceTime. 162 The expert then estimated the profits attributable to the FaceTime feature on iOS devices and apportioned to VirnetX 45 percent of 82 percent of the estimated profits of the FaceTime feature on iOS devices, which yielded damages for FaceTime of $5.13 per unit, or $606 million in total. 163 The Federal Circuit rejected all three of these methodologies on the basis that, although a damages calculation can be approximate, the patent holder must prove the link between the patented feature and market demand for the final product. 164 The Federal Circuit reiterated its finding in LaserDynamics that, without this proof, it is not sufficient "merely [to] show that the [ patented feature] is viewed as valuable, important or even essential to the use of the [overall product]." 165 The Federal Circuit found that VirnetX's expert had incorrectly used the value of the iOS products as the royalty base because he had not properly apportioned the value of the patented feature from the value of unpatented features in the iOS products. 166 The Federal Circuit also found the district court's jury instructions to be erroneous. The instructions stated that, when considering whether to use the EMVR, the jury should consider (1) whether the patented feature drives demand for the entire product, or (2) whether the product constitutes the smallest salable patent-practicing unit. The Federal Circuit rejected the second exception on the grounds that it mistakenly implies that there is no need to limit the royalty base further when the final product is the smallest salable patent-practicing unit. The Federal Circuit found that this approach ignores that "a patentee's obligation to apportion damages only to the patented features does not end with the identification of the smallest salable unit if that unit still contains significant unpatented features." 167 The Federal Circuit found that, instead of relying on the value of the iOS products, VirnetX should have identified a patent-practicing feature with a "sufficiently close relation to the claimed functionality."
168 Once again, the Federal Circuit expressed concern about jury bias. It affirmed its findings in Uniloc that using a large 160 Id. at 1325-26. 161 (alterations in original). 166 Id. at 1328-29. 167 Id. at 1329. 168 Id. at 1329.
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Journal of Competition Law & Economics royalty base "cannot help but skew the damages horizon for the jury" 169 and that a "patentee may not balance out an unreasonably high royalty base simply by asserting a low enough royalty rate." 170 However, the Federal Circuit again neglected to provide any explanation-legal, economic, psychological, or otherwise-to substantiate its theory of jury bias.
The Federal Circuit's reasoning in VirnetX is self-contradictory and unpersuasive in at least two respects. It cites VirnetX's failure to consider "realworld" situations when determining a reasonable royalty, but the court itself fails to consider "real-world" practice. First, when responding to Apple's challenge to the royalty rate in VirnetX's first approach to the damages calculation, the Federal Circuit found that the licenses upon which VirnetX had relied were sufficiently comparable to the license that would have resulted from a hypothetical negotiation and that the district court had not abused its discretion when it permitted VirnetX to rely on these licenses when providing testimony about the proper royalty rate. 171 However, the Federal Circuit curiously failed to accept that the licenses correctly used the downstream product as a royalty base.
In a second self-contradiction, the Federal Circuit rejected VirnetX's expert's second and third approaches on the basis that the Nash bargaining solution, like the now-abandoned 25-percent heuristic, is arbitrary and risks "inappropriately skewing the jury's verdict." 172 The court rejected the use of Nobel laureate John Nash's bargaining theorem on the rationale that VirnetX "assert [ed] nothing about what situations in the real world" would fit the Nash bargaining solution's premises. 173 Yet the Federal Circuit itself neglected to consider parties' real-world practice of choosing downstream products as the royalty base in patent negotiations.
VirnetX indicates that, to account for an unsubstantiated fear of jury bias, the Federal Circuit is committed to requiring patent holders to produce a high degree of proof that the value of a patented feature can be apportioned to the downstream product, even where the downstream product is the smallest salable patent-practicing component, although the court neglected to specify in what instances this requirement will be met. The decision also confirms that the Federal Circuit is opposed to using the EMVR in the absence of sufficient proof, even when the finder of fact could adjust the royalty rate downward. Further, the decision indicates that, although the Federal Circuit stresses the need for a hypothetical negotiation to mirror real-world negotiations, it breaks its own rule by disregarding evidence that firms in real-world negotiations use a larger royalty base than the court will allow in a hypothetical negotiation. 169 Id. at 1327, 1333 (citing Uniloc USA, Inc. v. Microsoft Corp., 632 F.3d 1292, 1320 (Fed. Cir. 2011)). 170 Id. at 1333. 171 Id. at 1330. 172 Id. at 1333. 173 Id. at 1332.
B. The Shortcomings of Using the Value of the Smallest Salable Patent-Practicing Component to Set the Royalty Base
The Federal Circuit's recent opinions on the EMVR favor the use of the value of the smallest salable patent-practicing component as the royalty base when calculating damages for the infringement of patented technologies implemented in multi-component products. Some district courts have obediently used the smallest salable patent-practicing component as the royalty base when calculating patent damages. 174 In April 2014, for example, the District Court for the Northern District of California analyzed the royalty base for the computation of damages for SEPs in GPNE Corp. v Apple Inc.
175 Judge Lucy Koh said that she was applying the "smallest salable patent-practicing unit doctrine" 176 when she ruled that the appropriate royalty base for the calculation of FRAND damages was the value of a baseband processor chip. She explained that "the smallest salable patent-practicing unit doctrine exists because disclosure of overall product revenues threatens to 'skew the damages horizon for the jury.'" 177 She said that reference to the "'overall revenues [for the accused device], which have no demonstrated correlation to the value of the patented feature alone, only serve to make a patentee's proffered damages amount appear modest . . . and to artificially inflate the jury's damages calculation beyond that which is adequate to compensate for the infringement. '" 178 However, using the value of the smallest salable patent-practicing component as the royalty base has at least three weaknesses. Journal 179 The Federal Circuit seems to have implicitly recognized in its VirnetX decision that using the value of the smallest salable patent-practicing component as a royalty base is arbitrary if the courts do not provide any rationale for choosing a component that transcends the patent other than that it be the smallest physical item that is "salable." However, the Federal Circuit does not seem to have acknowledged the converse of this reasoning. The case law has identified the smallest salable patent-practicing component as a physical component on which the patent reads.
180 However, as Judge Richard Posner has observed, "[a]lmost every product can be viewed as a package of component products." 181 Nearly any component will consist of smaller and even smaller components. The reductio ad absurdum of the Federal Circuit's current case law is that the search for the smallest salable patent-practicing component ends with the patent itself.
Second, the use of the value of the smallest salable patent-practicing component as the royalty base fails to recognize the complementarity and network effects that a patented technology creates when implemented in a multicomponent product. As explained earlier, the Federal Circuit itself has emphasized the importance of complementarity effects in its nonprecedential opinion in University of Pittsburgh. 182 He found that the benefit of the patented technology, which was a combination of techniques that solved the multipath problem for indoor wireless data communication, lay outside the wireless chip in which it was physically implemented. Chief Judge Davis said that "[t]he benefit of the patent lies in the idea, not in the small amount of silicon that happens to be where that idea is physically implemented."
183 He further reasoned:
Basing a royalty solely on chip price is like valuing a copyrighted book based only on the costs of the binding, paper and ink needed to actually produce the physical product. While such a calculation captures the cost of the physical product, it provides no indication of its actual value.
184
If a patented component is highly complementary with other features in the downstream product and there is no precise way to measure the value of those individual complementarity effects, then using the price of the smallest salable patent-practicing component as the royalty base would understate the patent's value and generate an erroneously small royalty (assuming that the court permit a substantially larger royalty rate). Using the price of the smallest salable patent-practicing component as the royalty base would likely undercompensate the patent holder for its innovative contribution, and consequently reduce the returns to investment in innovation.
Third, and most striking, using the price of the smallest salable patentpracticing component as a royalty base deviates from real-world practice. As I explained in Part II, the patent holder and the licensee often use the value of the downstream product as a royalty base, even when no evidence indicates that the patented feature drives the demand for the downstream product. The Federal Circuit's demanding prerequisites for the patent holder's use of the EMVR are unrealistic because they expect great sophistication and knowledge of the parties at the time of their hypothetical negotiation, which the parties may not have or may not be able to apply. Some courts have observed that using the value of the smallest salable patent-practicing component as the royalty base contradicts the objective to award damages that mirror the outcome of a hypothetical negotiation between the parties. Judge Charles Everingham IV of the Eastern District of Texas said in Mondis Technology, Ltd. v. LG Electronics, Inc. that, "[i]f [the EMVR] were absolute, then it would put Plaintiff in a tough position because on one hand, the patented feature does not provide the basis for the customer demand, but on the other hand, the most reliable licenses are based on the entire market value of the licensed products."
185 Judge James Robart of the Western District of Washington adopted a similar approach in Microsoft v. Motorola when he observed that "district courts have permitted license agreements based on the entire product value as evidence of a reasonable royalty rate despite a lack of showing that the patented feature formed the 'basis for customer demand.'" 186 Requiring the patent holder to make a high evidentiary showing for using the value of the downstream product as a royalty base creates a gap between the damages awarded in court, and a reasonable royalty upon which the parties would have agreed in a hypothetical negotiation, given existing industry norms.
In sum, requiring the patent holder to use the value of the smallest salable patent-practicing component as the royalty base is misguided as a general proposition. This conclusion is particularly compelling in the context of SEPs, where complementarity effects and network effects are likely to be significant. Further, the benefit of court decisions on FRAND terms and royalties is that they can provide guidance on the meaning of a FRAND royalty, which can help parties avoid future disputes and costly litigation over FRAND royalties. But if, outside litigation, parties rarely calculate royalties as a share of the price of the smallest salable patent-practicing component, then how helpful to the resolution of real-world disputes over the determination of FRAND royalties are the court decisions which, pursuant to the Federal Circuit's mandate, compel the parties as a matter of course to use the price of the smallest salable patent-practicing component as the royalty base? Court opinions that calculate royalties using instead the price of the downstream product as the royalty base, as parties routinely do in voluntary license negotiations, would provide greater guidance to courts, patent holders, and patent implementers in clarifying the meaning of a FRAND royalty.
C. The Federal Circuit's De Facto Theory of Cognitive Bias Concerning a Royalty Base Consisting the Value of the Downstream Product
A patented technology creates only a finite amount of value over a given interval of time. If there is no computational error or cognitive bias in the calculation of the royalty for use of the patent in suit, and assuming that one can accurately measure the value of all complementarity effects and network effects, then calculating a royalty as 10 percent of $30 rather than 1 percent of $300 should not make any difference to the magnitude of the royalty that the licensee ultimately pays. 187 An analytically correct calculation that adjusts the royalty rate compensates for the change in the appropriate royalty base. However, due to the presence of cognitive bias, computational error, and incomplete information, this neutral result may be unlikely to arise in practice.
Underlying the Federal Circuit's jurisprudence on the EMVR seems to be an underdeveloped theory that the selection of a "small" royalty base (as in the case of the value of the smallest salable patent-practicing component) or a "large" royalty base (as in the case of the value of the downstream product) will have substantially different implications for the ultimate magnitude of the damages award. The Federal Circuit's reasoning in Uniloc reveals that the Federal Circuit worries that juries manifest a cognitive bias resulting in a tendency to award excessive reasonable-royalty damages when presented with a damages estimate predicated on a small royalty rate multiplied by a large royalty base. 188 As discussed above, the Federal Circuit rejected the patent holder's use of the revenues for infringing products (a $19 billion figure) as the 187 By analogy, William Landes and Judge Richard Posner showed, in the most intellectually significant article published on antitrust law, that with respect to defining markets and calculating market shares, given the market elasticity, it does not matter to the outcome of assessing market power whether a market is narrowly or broadly defined, because there is only a finite amount of market power that a firm possesses. royalty base, 189 even though the patent holder's damages expert witness called that figure merely a "check" and the trial judge instructed the jury not to use the $19 billion figure to calculate reasonable-royalty damages. 190 The Federal Circuit held that the mere presence of a large number as a royalty base-in this case, Microsoft's total revenue from the accused products, Microsoft Office and Windows-would incline the jury to render an erroneously large damages award.
In Part II.B, I explained the computational errors that result from a failure to measure the influence of complementarity effects and network effects in determining a patent royalty. The computational error associated with cognitive bias presents a different challenge because it distorts the fairness and accuracy of adjudications and is difficult to detect. Finders of law and finders of fact must be free from bias. The adjudicatory system provides rules to exclude a biased finder of law or fact. 191 Through voir dire and juror removal, the adjudicatory system also provides safeguards for mitigating jury bias before and after the impaneling of a jury. 192 Unlike the jury bias that these safeguards address, cognitive bias on the part of jurors is neither overt nor intentional; it is implicit in the mental process of the finder of law or fact. 193 Although cognitive bias is difficult to detect, if present, it has a real effect on outcomes and distorts the fairness and accuracy of adjudications.
The Federal Circuit has not clearly articulated its theory of cognitive bias among jurors in cases concerning reasonable-royalty damages for the infringement of patented technologies implemented in multi-component products. The court has not expressed the process by which cognitive bias manifests itself, nor has it rigorously questioned the likelihood of the bias occurring in the award of reasonable-royalty damages. In fact, the theories in behavioral economics do not necessarily support the Federal Circuit's concern. Rather, research in behavioral economics finds that individuals are typically averse to extreme results, 194 which would include awarding extreme damages. It is therefore equally plausible that juries would adopt a cautious approach when awarding damages for patent infringement and thus undercompensate the patent holder. In the absence of further evidence, there is no intellectually rigorous justification for the Federal Circuit's concern that using the entire market value of the downstream product as the royalty base would cause the patent holder to receive excessive compensation.
The technique used by the patent holder's counsel during cross-examination in Uniloc-comparing his expert's damage estimate to a much larger number corresponding to Microsoft's total sales of Office and Windows-is the quotidian stuff of trial practice. The tactic is not unique to patent litigation. It is overkill for a court to try to eradicate this problem by changing the substantive law of damages in a given field of law. A federal district court judge already has the power to punish attorney misconduct of this sort by excluding such evidence on a case-by-case basis or even by declaring a mistrial or granting a motion for a directed verdict (in which case, the client will surely take care of punishing its trial lawyer). Federal Rule of Evidence 403 empowers a federal judge to exclude evidence of which the "probative value is substantially outweighed by a danger of . . . unfair prejudice [or] . . . misleading the jury." 195 In addition, the patent holder's attorney may find himself in contempt of court for misconduct before the jury, 196 for " [d] irect contempts that occur in the court's presence may be immediately adjudged and sanctioned summarily." 197 In short, it would have been more proportionate for the Federal Circuit to have relied on these evidentiary and judicial powers than to have rewritten, from 2009 to 2014, the law of patent damages, to have contradicted the established principle that a court's award of damages for patent infringement should mirror the outcome of real-word licensing negotiations, and as a consequence to jeopardize now the fulfillment of "Congress' overriding purpose of affording patent owners complete compensation." 198 The Federal Circuit's EMVR jurisprudence is also difficult to reconcile with contemporaneous rulings by the same court expressing confidence in the jury's ability to weigh complex economic evidence on patent damages. In April 2014, the Federal Circuit found in Apple, Inc. v. Motorola, Inc. that Judge Posner-sitting by designation for the District Court for the Northern District of Illinois-had overstepped his role as gatekeeper under Daubert by excluding almost entirely both parties' expert testimony on patent damages. 199 The Federal Circuit said that a judge should exclude expert testimony "if it is based upon unreliable principles or methods, or legally insufficient facts and data," 200 but that a judge should not "weigh facts, evaluate the correctness of conclusions, [or] impose its own preferred methodology." 201 Instead, "the jury must . . . be allowed to play its essential role as the arbiter of the weight and credibility of expert testimony," 202 since "questions regarding which facts are most relevant or reliable to calculating a reasonable royalty are 'for the jury'" rather than the judge. 203 In short, the Federal Circuit expresses in Apple v. Motorola its confidence in the jury's ability to evaluate expert testimony, including expert economic testimony on damages, but in the EMVR cases (decided both before and after Apple v. Motorola) the Federal Circuit worries that a jury will suffer cognitive bias if merely hears the otherwise reliable testimony of an economic expert who computes damages using a particular royalty base. 204 
D. The Logic of Using a Larger Patent-Practicing Product Rather
Than the Smallest Salable Patent-Practicing Component as the Royalty Base
The current discussion of the royalty base omits the possibility that a patent holder and a licensee in voluntary negotiations may agree on a larger royalty base than the value of the downstream product. Parties can freely select any royalty base in their patent license agreement. For patented technologies implemented in telecommunication standards, for example, parties conventionally peg the royalty base to the value of the mobile handset. However, nothing prevents the parties from using a different, perhaps larger, royalty base than the value of the mobile handset. For example, in negotiations involving smartphone technology, the parties could determine that the revenue generated by mobile network operators from wireless data transfer constitutes the royalty base for the technologies implemented in the smartphone. A smartphone component may generate complementarity effects not only within a smartphone, but also between a smartphone and the network provider. For example, providing faster network and Internet connections and faster access to data storage through cloud services creates synergies with photo-sharing platforms such as Facebook and Instagram, because the smartphone user has improved access to those platforms. As a result, the smartphone user might take more pictures, share them with more users, and consequently increase the use of mobile data. The patent holder could plausibly argue that it is entitled to a share of the value associated with the increase in data traffic stimulated by its technology, and thus the patent holder could suggest using the revenue generated by mobile network operators as a royalty base.
Courts have recognized that the patent holder may recover royalties calculated on the basis of the value of the "entire apparatus," rather than solely the value of the patented component. 205 The value of the entire apparatus is not necessarily limited to the value of the direct downstream product; in principle, it could include any complementary product or service for which the patent holder can prove that the customer's decision to buy results primarily from the existence and use of the patented component. 206 Of course, the patent holder still must provide reliable and tangible evidence of the portion of the infringer's profit that is attributable to the patented technology and the portion of the infringer's profit that is attributable to noninfringing features. 207 Why, then, does the debate over the proper royalty base for calculating damages for the infringement of patented technologies implemented in multi-component products, particularly the debate over FRAND-committed patents, consider only alternative definitions of the royalty base that are smaller than the retail price of the handset? Why does the debate over the proper royalty base for GSM-related SEPs ignore the obviously complementary revenue stream derived from subscription to, and usage of, mobile networks that use such SEPs? 205 See, e.g., Fonar Corp. v. Gen. Elec. Co., 107 F. Ultimately, it is a factual question whether the best possible royalty base for patents essential to mobile network standards consists of the sum of revenues from sales of mobile devices and sales of mobile service subscriptions. Using the value of a product that is far removed from the patented technology in the chain of production may lead to inadmissible speculation concerning damages. Further, the absence of real-world licensing agreements that use such a royalty base would suggest that the choice of such a royalty base finds no efficiency basis as an industry norm. However, the choice of a larger royalty base than the value of the downstream product is a legitimate question for courts to consider. It is not evident as a matter of legal or economic reasoning why the debate over the proper size of the royalty base should produce a ratchet that only reduces the size of the base relative to the value of the downstream product, such as a handset. In light of those considerations, a court's selection of the value of the direct downstream product as the royalty base might be parsimonious.
IV. RISK AVERSION AND THE PROPER ROYALTY BASE
Separate from concerns about cognitive bias, and even after one has accounted for concerns about complementarity effects and network effects, a completely knowledgeable agent still may prefer the adjudicator to use one type of royalty structure rather than another to calculate an award, depending on that agent's preferences for certainty. (An "agent" is simply the economic term for an entity that makes an economic decision, and it does not carry any legal connotation concerning the law of agency.) If the royalty structure upon which the adjudicator relies to calculate a damages award affects the certainty of the award's overall value, and if firms are not risk neutral, then a firm will derive more value from one royalty structure than from another. This result contrasts with the usual model of a firm, in which economists describe the firm as an agent that does not consider the risk of an outcome, but only its expected value. However, as I will argue, in licensing negotiations firms reveal their preferences for one contract structure over another, demonstrating that a firm can be treated as a risk-averse agent. Therefore, many of the insights that apply to an individual person's response to risk can also be used to understand a firm's response to risk, which in this case correspond to a patent holder's response to risks associated with the award of patent damages.
A. The Economic Language of Risk and Uncertainty
Individuals and firms respond to risk in different ways, and economic analysis provides a standardized method for assessing those responses. Economics describes this method of assessment as revealing an agent's "risk preferences." These risk preferences determine the shape of an agent's utility function and provide insight into which contracts the agent will prefer and which the agent might pay to avoid.
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In economics, risk is defined as a relative amount of uncertainty, the variation in potential outcomes from the expected value. For example, consider a bet that is made on a coin flip where each outcome-heads or tails-is equally likely. These outcomes can be used to create two lotteries with different payoffs. In the first, the bettor wins $10 if the coin comes up heads but loses $10 if it comes up tails. In the second, the bettor wins $100 if heads comes up but otherwise loses $100. The average outcome, or expected value, of the bet is the same (zero) in each lottery, but the second lottery is much riskier because the variation in the bettor's wealth is greater. A bettor who does not care about risk-that is, someone who is risk neutral-will be indifferent between the two bets because he has the same expected value for each bet. However, a bettor who dislikes risk-one who is risk-averse-will prefer the first bet, the outcome of which will have a smaller effect on the bettor's welfare.
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This example illustrates the basic concept underlying formalized definitions of risk preferences in economics. By building upon this basic scenario, these formalizations enable one to predict or explain how and why an agent might behave in a certain way when faced with particular probabilities and potential outcomes.
The formal language of economics, as in the example provided above, can express an uncertain outcome as a lottery. The outcomes of this lottery are different "states of the world," and in each state the agent receives a payout that either increases or decreases the agent's wealth. Because each state of the world occurs with a given probability, it is possible to calculate the expected value of the lottery-or the probability-weighted wealth of the agent-over all possible states of the world. By applying the agent's utility function, one can find the value to the agent of the expected outcome, which is known as the utility of the expected value.
However, the expected value may not be an outcome that actually occurs or that actually could occur. In the coin-flip example above, an agent may either win or lose money on any individual flip, but there is no chance that the agent will break even at zero, even though that is the expected value of the bet. By applying the agent's utility function to his situation in each possible state of the world, and then calculating the probabilities of each of these utilities occurring, one can calculate the expected value of the utilities, which is the weighted average of the agent's welfare across the different lottery outcomes. The important lesson to draw from this approach is that the utility of the expected value is equal to the expected value of the utilities only in very particular circumstances. Deviations from those particular circumstances determine the agent's wellbeing when facing uncertainty. 209 Figures 1 and 2, and Table 1 illustrate the role of expected outcomes in describing risk preferences. Figure 1 graphs a risk-neutral agent's utility (the vertical axis) at various levels of wealth (the horizontal axis). In this case, the agent's utility function takes the form U(W) = SW, where U(W) is the agent's utility function, W is the agent's wealth, and S is some constant number. Figure 1 also illustrates a lottery with two potential outcomes, A and B. The two potential outcomes yield different wealth levels with different probabilities, described in Table 1 below.
The notable result is that, because the relationship between utility and wealth is linear, the utility of the expected value equals the expected value of the utilities. Such an agent will be completely indifferent to the amount of risk he bears-the distance between W A and W B -because the agent cares only about the expected outcome of the lottery and whether his bet is likely to be profitable. Figure 2 shows a different case, that of a risk-averse agent who is made worse off by uncertainty. The value of the expected utility (labeled as point D on the straight line connecting points A and B) is below the utility of the expected value (labeled as point C). That is, when faced with the two disparate potential outcomes, the agent would rather have the average wealth for certain, than take a gamble, even if the expected outcome of the gamble is the average wealth. This relationship means that the agent would rather be certain to receive the expected value of the lottery than take a bet with the same expected payout. It is not the level of wealth after the lottery that the agent dislikes, but 
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Journal of Competition Law & Economics participation in the lottery itself. As this example shows, the agent's preference for a degree of certainty implies that the agent is not risk-neutral. One can formalize these visual representations of the role of the utility function in determining risk preferences and use the same setup to derive several predictions about the likely behavior of an agent facing uncertainty. These predictions remain pertinent whether the agent in question is an individual person or a corporate entity such as a firm. What matters in assigning risk preferences is that the agent's behavior is consistent with the predictions derived from a given utility function. An individual's behavior may be described by risk-averse utility functions because individuals have declining marginal utility of wealth. That is, the next dollar gained is worth less to the individual than the previous dollar gained. Consequently, losses cause more harm than gains provide benefits. Firms, on the other hand, are not considered to have a declining marginal utility of wealth. Therefore, each additional dollar gained is equally valuable. However, under certain circumstances losses may cause more harm to a firm than gains will provide benefits, and these situations will lead a firm to adopt risk-averse behavior, just as an individual would. In the next part, I demonstrate how risk preferences tend to affect firms' decision making under conditions of uncertainty. 
B. Award Uncertainty Under Risk Neutrality
In commercial litigation, firms face the basic risk that the jury will award an incorrect amount of damages. A simple model of this risk can yield insight into a firm's preferences. In this model, the royalty is determined by a royalty rate r applied to a royalty base B. One can structure the royalty calculation in either of two different ways: a high rate applied to a low base ðr H B L Þ, or a low rate applied to a high base ðr L B H Þ. Assuming that either of these structures produces the correct amount for the damages award, and that there is in fact only one correct amount of damages, the two structures must be equivalent, such that r H B L ¼ r L B H : 210 The above formula would hold true if the jury had enough information to determine the correct amount of damages to award. Even if juries reach a correct decision on average, any given decision might deviate from the economically correct amount. This error could be greater for some award structures than others, and a risk-averse firm should prefer the structure that exposes it to less risk.
I now consider the role of juror error-that is, a deviation in the award from its true value. I model this error by introducing a "mean-preserving spread," defined as a random variable with a Gaussian distribution, 211 which I denote as k. 212 The expected value of k is one, meaning the expected value of any number multiplied by k will equal the original number, and the standard deviation of k is σ.
213 Figure 3 illustrates the effect of adding a mean-preserving spread to a random variable with a Gaussian distribution. Applied to the case of jury awards, the mean-preserving spread represents increased uncertainty in an award but maintains the same expected outcome (that is, the correct award amount) on average. The equivalence of jury awards with error can be expressed as kr H B L ¼ kr L B H : Important assumptions here are that k is not 210 The proposition of equivalence implies a royalty based on the component's price and the downstream product's price taken at a given snapshot in time, and it assumes that those relative prices remain constant. However, the ratio of the prices of the smallest salable patent-practicing component and the downstream product will not necessarily remain constant over time. It is more realistic to assume that the price of either the component or the downstream product, or both, will change over time. In high-technology industries, the price of the downstream product generally is high upon the product's release and then declines, sometimes dramatically, over time. However, the price of the component-which often depends on raw material and production costs-varies depending on other factors, such that its price may change over time in different proportions than the price of the downstream product. 211 213 An equivalent proof can be done by treating k as a random variable with a mean of zero and a standard deviation of one and then adding this error term to the true value. The results are the same.
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proportional to the rate or size of the award, on which I will expand later, and that k is independent of both the royalty rate and the royalty base. Using the above notation, I now describe the preferred award structure of firms involved in a lawsuit. For a risk-neutral agent, the utility of the firm is the same whether or not there is error. This relationship is written:
Because the utility of a risk-neutral agent is simply the expected value of the outcome, and because the utility function is linear, one can express the utility function explicitly and separate the expected values:
Because the expected value of k is one, this expression reduces to:
This result shows that a risk-neutral agent is indifferent between a certain award and an uncertain award as long as the award is expected to be correct in either case on average. This analysis is applied to the case of a high royalty with a low base, but the proof is equivalent in the case of a low royalty with a high base. When one observes that a firm prefers one type of royalty structure to the other, one can infer with confidence that the firm is not behaving in a risk-neutral manner. When one examines the utility functions, one can observe that there are two distinctive damages scenarios for the risk-averse agent-one with correct damages and one with incorrect damages-where the two scenarios are no longer equivalent. This outcome results from applying Jensen's Inequality, which states simply that the utility of the expected value exceeds the expected value of the utilities for a concave curve. 214 To derive the "correct" award when agents are risk-neutral, the expectations operator can be moved inside the utility function because it is known for certain. The same cannot be done for the uncertain value:
One can perform an equivalent calculation for the scenario of a low royalty rate and high royalty base. However, examining the equality of the two certain, correct values produces an interesting result:
The two certain values provide the risk-averse agent the same utility, and the risk-averse agent prefers either certain value to either uncertain value. The uncertainty itself is more undesirable to the agent than the structure of the royalty payment. Uncertainty cannot be avoided in a real trial, but this conclusion implies that, if one royalty structure is more uncertain than the other, it should be less preferred, especially when there is no reward for bearing the additional risk.
I previously defined k by assuming that it had the same distribution across all royalty rates. Essentially, an error of one percentage point was as likely on a royalty rate of 5 percent as on a royalty rate of 25 percent. In reality, this distribution might not be the case. If k actually varies according to r, then a risk-averse agent may prefer one royalty structure to another. Consider the case where a jury is more likely to mistakenly award a 26-percent royalty when the true value is 25 percent than it is to mistakenly award a 6-percent royalty when the true value is 5 percent. This situation implies that k increases as r increases, and it yields the inequality:
That is, if a jury is more accurate when assigning low royalty rates than when assigning high royalty rates, a firm will sensibly prefer the royalty structure that uses a more accurate low rate and a high base. This analysis is symmetric for licensees and licensors-a firm prefers a certain loss to an uncertain loss and a certain gain to an uncertain gain, regardless of whether it is a patent holder or a patent licensee.
C. The Effects of Risk Aversion on the Choice of Royalty Base and Royalty Rate
I provide an example below to clarify how risk aversion can create preferences for certain types of payouts when damages awards are subject to error. In this scenario, the firm has a product that produces revenue of $10 million, and the correct damages award is assumed to be $500,000, but the amount can be awarded in one of two ways: either as a 5-percent royalty on the entire $10 million base, or as a 25-percent royalty on a $2 million base. In the second scenario, the firm has $8 million of revenue that is excluded from consideration in the lawsuit. I introduce potential judgment error into the royalty rate by adding error equal to 10 percent of the royalty rate squared, or k = 0.1 × r 2 . This value is then added or subtracted from the correct royalty rates to produce the incorrect royalty rates. That is, for the too-high award, I add 0.025 percentage points to the 5-percent rate and 0.625 percentage points to the 25-percent royalty. This method introduces a larger deviation from the correct value in the larger-rate scenario than in the smaller-rate scenario.
First, I calculate the three scenarios of too-low, correct, and too-high awards for each potential royalty structure. Next, I calculate the licensee's wealth w, for which I use the royalty base (as a proxy for wealth gained from sales revenue of the infringing product) minus the damages award (as a proxy for wealth lost from patent infringement). I then calculate the firm's utility using the following utility function where γ is assigned a value of 0.4: Here, γ affects how curved the function is, and as γ increases, so does the firm's risk aversion. Consistent with common sense, utility decreases as the infringer's wealth is reduced. By assigning equal probabilities to the two error states (excessively high royalties and excessively low royalties), I calculate the firm's expected utility. Because the firm behaves in a risk-averse manner, the expected utility is lower than the utility in the certain scenario. I then find the amount of wealth that the licensee could have with certainty that would make the licensee just as well off as having the expected utility in the case where the damages award is uncertain (the "Certainty Equivalent Wealth").
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The difference between the licensee's Certainty Equivalent Wealth and its wealth in the case with certainty is the maximum premium that the licensee would be willing to pay to avoid bearing the risk of an uncertain award. In essence, this difference is the premium for an insurance contract that would protect the company from an uncertain damages award. As expected, I find that the licensee facing the greater risk-in other words, the company with the larger royalty rate-would need to pay the higher premium even though the royalty base is lower. If the licensee faces a situation where the courtdetermined royalty rate could be incorrectly calculated, then the licensee would prefer the scenario with the lower rate and the larger royalty base.
In Table 2 , I provide a numerical example to show the licensee's wealth and utility in each state of the world. I highlight the expected utility under uncertainty to show that it is below the certain, correct utility, though this difference only shows up in the third decimal point.
The proof in Part IV.B demonstrates that a risk-neutral firm should not be concerned with the potential for an erroneous award as long as k has an expected value of one, and the expected error does not change the average value of the award. That is, as long as there is no systematic bias (in one direction or the other) in the damages that a jury awards, a risk-neutral firm should not prefer one type of award to another. However, when a firm is risk-averse, the royalty structure does matter. A firm then will seek to minimize the risk it faces, even if the firm might have to accept a lower damages award to avoid that risk.
The fact that firms engaged in patent litigation frequently argue for certain types of royalty structures to be used in the calculation of a damages award suggests that these firms do not behave as risk-neutral organizations, but instead have risk preferences that economists can describe as curved utility functions. The revealed preferences of a firm indicate that a firm can be treated as a risk-averse agent. Consequently, many of the same insights that apply to individual persons can also apply to a firm. This proof builds on the research into the risk preferences of firms that shows that the "demand for liability insurance may be explained by risk aversion of customers, suppliers, managers or employees."
